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РЕКОНСТРУКЦИЈА НА ЖЕЛЕЗНИЧКАТА ПРУГА ВО ТУНЕЛОТ “СОЗИНА“ 
ВО ЦРНА ГОРА 

РЕЗИМЕ 

Во овој труд е даден краток преглед на извршените работи при реконструкција на железничката 
пруга во тунелот “Созина” во Црна Гора, со главна цел да се пренесе инженерското искуство 
стекнато при изработка на овој проект на инвеститорите и инженерската фела. Реконструкцијата 
во најдолгиот железнички тунел на Балканот, во доцни часови, во текот на ноќта, со траење од 
вкупно 4 часа и 30 минути дневно, претставува посебен инженерски предизвик и во овој труд 
даден е преглед на искрснатите проблеми во текот на работата. Реконструкцијата е започната во 
февруари 2017 год., завршувањето се очекува на крајот од октомври 2017 год. Проектот е 
финансиран преку донации од Европската Унија. 

Клучни зборови: жељезница, Tунел “Созинa“, реконструкција 

Milos KNEZEVIC1, Ivana TESOVIC2, Slobodan DAKIC3, Dusko LUCIC4,                     
Zlatko ZAFIROVSKI5, Gjorgjina LOVRIC6  

REHABILITATION OF THE RAILWAY TRACK IN THE  TUNNEL “SOZINA“ IN 
MONTENEGRO 

SUMMARY 

In this paper is given a brief overview of the performed works on rehabilitation of the railway track in the 
tunnel “Sozina” in Montenegro, with the main goal of transferring of our engineering experience from this 
project to our colleagues engineers and investors. Reconstruction works in the longest railway tunnel in the 
Balkans, at night, in difficult working conditions, lasting only 4 hours and 30 minutes per day, are a special 
engineering challenge, and this paper gives an overview of the problems we encountered during the work. 
Works on the construction commenced in February 2017, and the completion of works is expected by the 
end of October 2017. The works are funded by the European Union in the form of donation. 
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1. INTRODUCTION 

The Railway Vrbnica - Bar, the length of 169,2 km is a part of International railway Belgrade – Bar 
and Route 4 , which connects the port of Bar with trans - European corridors X and VII, for the 
Montenegrin economy it is the most important Traffic. 

This section of open track is located in the Southern Region of Montenegro, on the railway line 
Vrbnica-Bar, between  the railway station Virpazar (km 434+504,96) and station Sutomore (km 
445+577,69), segment to the railway tunnel “Sozina”, with entrance and exit parts, from km 
439+032,00 to km 445+572,00. Location of tunnel “Sozina” is about 35 km from Podgorica, main 
Railway station in Montenegro. The works on rehabilitation are related to the track rehabilitation on 
section Virpazar-Sutomore in tunnel Sozina, from km 439+032.00.65 to km 445+572.00, in total 
length 6,54 km along the railway line Vrbnica-Bar. 

Montenegro has received funds from the European Union for the implementation of the project 
“Rehabilitation Works on Section Virpazar-Sutomore, in Tunnel Sozina” for both Works and 
Supervision. The project is financed in accordance with the rules of the Regional Development 
Programme 2012-2013 Instrument for Pre-Accession Assistance (IPA). Rehabilitation works include 
civil, electrical and telecommunication works.  

Execution of the works is carried out by  JV Strabag AG Austria and Crnagoraput AD Podgorica, and 
Supervision of the works is carried out by Institut za građevinarstvo Ltd Podgorica. The Client is 
Directorate of Public Works Podgorica and the End Recipient is Railway Infrastructure of 
Montenegro. Value of the works is 4,083,891.36 € (excluding VAT). Contract is carried out in 
accordance with Fidic Red Book (1999 Edition). Execution of works (Commencement day) has started 
on 03/02/2017 and deadline for works execution is 12 months. At the moment, main rehabilitation 
works are finished, and we expect the end of works (Taking over) by the end of October 2017.  

2. SCOPE OF WORKS   

The designed solution for this section of single track and standard gauge, keeps the existing axis and 
the vertical alignment of the existing line and with the railway line electrified 25 kV, 50 Hz single-
phased system, with the highest axle load of P max=25 t and 8 t/m' (UIC class D4), and v=80 km/h.. 
Total length of the railway line which has to be reconstructed is 6.540,21 m, from km 439+032,00 to 
km 445+572,00. The works are divided in following sections:  

-  works before the entrance to the tunnel, in length 18,46 m,  

-  works in the tunnel “Sozina”, in length 6.170,60 m,  

-  works after the tunnel exit, in length 351,15 m.  

Contract between Client and Contractor defines execution of following works:  

-  Replacement of wooden sleepers with concrete sleepers (concrete sleepers length 2,40 m, rails 
type 49E1, Fastening SKL14 type Vossloh (or equivalent), crushed siliceous stone for ballast; 

-  Mechanical excavation of existing ballast prism; 

-  Cleaning of drainage channels; 

-  Rehabilitation of the subsoil before the entrance in the tunnel (18,46 m) and part of the railway 
track after the tunnel exit (351,15 m); 

-  Electrical works include replacement of tunnel consoles, contact line wire, groundings and all 
electrical connections; 

-  Telecommunication works include replacing of cable channels and its covers, telephone metal 
boxes and extensions on rail STA cable. 

Execution of works is organized every day during night, in duration 4 hours and 30 minutes. 
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3. SHORT DESCRPITION OF TECHNOLOGY FOR EXECUTION OF WORKS 

In accordance with limited working conditions (very narrow tunnel profile and railway track closure in 
duration of 4 h and 30 minutes, it was very important that Contractor proposed maximal rational 
technology which reduces on minimum following parameters: percentage of manually work, time for 
execution of works and cost for works execution.  

3.1.     Organization of works 

Contractor has organized that site (storage offices, depony for new materials, depony for old sleepers 
and fastenings, offices for engineers, work train, machines) is positioned at the Station Virpazar. 
Depending of the time schedule, Contractor sometimes to storage machines has used 1st track in the 
Station Sutomore. Depony for old excavated ballast was positioned before the entrance in the tunnel 
and its position is very good, because of nearness of the local road in order excavated material can be 
used for embankment of local rural roads. Depending of the works that were executed and time 
schedule, Contractor has used railway track closure from Station Virpazar or Station Sutomore, in 
accordance with Traffic Instruction and Telegrams that has been issued by End Recipient – Railway 
Infrastructure of Montenegro. Execution of works is organized every day during night in duration 4 
hours and 30 minutes. 

3.2.     Materials 

For rehabilitation works have been used following main materials: concrete sleepers l=240 cm 
(Rajshwellen Serbia), fastening (Rajshwellen Switzerland), Rails R260 (ArcelorMittal Poland), Rails 
R350HT (ArcelorMittal Spain), crushed stone aggregate (Mineralkop Montenegro), material for OCL 
(Integral doo Topola Serbia). Acceptance and Taking over of all materials has been organized in 
factories in presence of Contractor and Engineer representatives.  

 

 

Fig. 1. Taking over of rails in the factory ArcelorMittal Poland 
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Fig. 2. Taking over of sleepers and fastening in the factory Rajshwellen Serbia 

3.3.     Mechanization 

For execution of the works, Contractor has used following main machines: Track motor vechicle, 
ballast cleaning machine, MFS wagons, ballast profiling machine, tamping machine, two way 
excavators, Hooper wagons, RGS wagons, gantry crane, loader, roller, truck, wrench machine, drilling 
machine, AT equipment, rail cutting machine, oxygen cutter, OCL TMV, Flat wagon with OCL 
equipment. Depending of the time schedule, Contractor engaged above mentioned machines.  

3.4.     Work sequences 

Chorological order of basic working position regarding Civil Works:  

1) Temporary relocation of cables and cable channels, 

2) Cutting of rails in length up to 30 m,  

3) Excavation of old ballast prism – first pass of ballast cleaning machine,  

4) Cleaning of drainage channels,  

5) Excavation of old ballast prism – second pass of ballast cleaning machine and first unloading of 
new crushed stone aggregate,   

6) Dismantling of the existing track and laying of the new track, loading of new crushed stone 
aggregate and mechanical regulation of track,   

7) Laying of new concrete cable channels,  

8) Dismantling of the old track and sorting of material,  

9) AT welding of the track,  

10) Unloading of new crushed stone aggregate and mechanical regulation of track,  

11) Laying of temporary dislocated TK cables,  

12) Installation of devices against lateral track movement,  

13) Unloading of new crushed stone aggregate and final mechanical regulation of track,  
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14) Installation of track signs,  

15) Final profiling of the ballast prism,  

16) Including track in CWR.  

 

Fig. 3. Figure Work sequences shown throw tunnel cross section 
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4. PROBLEMS DURING EXECUTION OF WORKS 

As it is case at most of the projects, at early beginning of this project many problem arise. Problems 
are not problems if all participants in construction process: Contractor, Engineer, Client and End 
Recipient, all time during construction keep in mind that all have the same goal – to solve problems 
and finish project successfully.    

At the beginning, it was founded a discrepancy between geodetic survey provided by the Client and 
actual situation at site. It was big problem because it meant that all designed coordinates in Main 
design of railway truck are not good. Most projects stop when Contractor realizes similar problem. We 
solved it in a way that Engineer instructed a Variation Order to the Contractor to develop new geodetic 
survey. After developing survey by Contractor, Engineer sent new geodetic survey to the responsible 
designer for railway track, and he changed design.  Due to this problem there was no delay in the 
performance of works because while designer was changing design, the Contractor carried out 
preparatory works and works on cleaning of the ballast prism in the tunnel. 
Also, at the beginning, although in tender documentation was defined that cable channels for 
telecommunication installations exist along the entire tunnel, we realized that there are no cable 
channels at site. Cables were mainly laid mainly through the ground, and due to the large presence of 
surface water at many places in the tunnel, mostly were laid in the water and mud. The Engineer 
instructed the Contractor Variation Order to purchase and install new concrete channels with covers 
throughout the tunnel. 

Fig. 4. Telecommunication cables before start of works 

After temporary relocation of telecommunication cables in the tunnel, the Contractor began with 
works on first mechanical excavation of the ballast prism. Because of the narrow tunnel profile, with 
already shortened knife of the ballast cleaning machine, it was often necessary more than 1 hour to 
adjust knife, which in the period of 4 hours and 30 minutes represents a very long period. This was big 
problem for Contractor during mechanical excavation of the ballast prism, but it seemed there is no 
solution for this problem.  

Contract for execution of the works does not include the repair of the tunnel structure, and we believe 
it is not good engineering decision. During the execution of the works, at many places we found 
serious constructive damages of the tunnel structure, and a special problem is the large appearance of 
water in the form of a spring and leak from the tunnel lining, whose drainage from the railway track 
was not foreseen. Considering all these conditions and the fact that we can not repair tunnel structure 
at the moment, we decided to lay new concrete covers with openings on existing drainage channel in 
order to collect water from the railway track. At one place in the tunnel, a large amount of water, 
which we assume that has a flow from spring in the tunnel, can not be circumvented from the track, 
and unfortunately in one short part the track will be partly underwater. 

We think that repair of the tunnel structure is necessary and we expect that repair will be realized in 
next couple of years. Unfortunately, because of bad planning of investments, in few years 
reconstruction of the tunnel structure will be performed in a tunnel where the railway track has been 
reconstructed shortly before, and it means repetition of many items from this Contract in few years.   
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Fig. 5. Huge amount of water in railway track 

During mechanical excavation of the ballast prism, at three points in the tunnel we found the so-called 
"hunches", i.e. big cracks of the concrete invert slab, each in the lengths of cca 100 m. At that places, 
also deformed drainage channels were identified. These cracks are consequence of the Montenegrin 
Earthquake in 1979. This weak places were not treated by project documentation are were surprise for 
us at site, and again designer was required to adjust the position of the track level because of the new 
situation at site. Considering the fact that concrete sleepers should be installed along whole tunnel, at 
these weak points - "hunches", the thickness of the ballast prism below the sleeper is smaller than the 
minimum defined by regulations, and somewhere it is only 10 centimeters. Due to the small thickness 
of the ballast prism, End Recipient would have a maintenance problem due to the crushing of the 
crushed stone aggregate at this places, and in order to make better situation than it could be, we 
decided to install concrete sleepers with rubber pads thickness 1 cm, where 1 cm thickness of the 
rubber pad compensate 5 cm thickness of the ballast prism.  This solution can reduce bad impact of the 
cracked invert slab on the railway track in the exploitation.  In this regard, we consider that installation 
of concrete sleepers in the tunnel is not a good solution. Wooden sleepers in this tunnel would be 
better solution that concrete sleepers, because of its smaller high when compare to concrete sleepers, 
and considering the fact that there is no change of humidity and temperature in the tunnel, the wooden 
sleepers are not exposed to cracking and rotting. This statement confirms the fact that existing wooden 
sleepers that have been dismantled from the tunnel, are mostly without cracks and End Recipient will 
use it for maintenance of other sections at railway.    
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Fig. 6. Cracks in concrete invert slab 

Contract for execution of the works defines rehabilitation of the subsoil in length of 18.46 m. 
However, the geotechnical study found that in the length of 190 m before the entrance in the tunnel, it 
is necessary to repair the subsoil. From engineering point of view, it was unacceptable to repair just 
18.46 m of bad subsoil and not whole section in length of 190 m. Engineer requested the Client to 
approve the signing of the Annex of the Contract for rehabilitation works of the subsoil in the length 
of 190 m before the tunnel entrance. The description of these works is not the subject of this paper. 
Therefore, it is very important that the Client before tendering process and signing the Contract with 
Contractor, very carefully choose the chainage of the section that will be repaired in order to get a 
good product in the end. 

The general problem on the project was a very short period for execution of the works, which is during 
night rail track closure in duration of 4 hours and 30 minutes. In this short period, it is necessary that 
mechanization reach the site, which usually takes 45-60 minutes, and for the remaining time the 
Contractor has to carry out planned works, which is very short period and additionally complicates the 
execution of works and increases the investment. Of course, considering the daily volume of transport 
of goods and passengers from Podgorica to Bar by railway, attitude of Railway Infrastructure of 
Montenegro to provide such a short rail track closure is understandable.  

Considering the tunnel length of 6,170.60 m, a special challenge was the implementation of health and 
safety measures at the site. We are very happy that the performance of the works ends without serious 
injuries at work. 

5. CONCLUSION 

This project confirms that the dictum "A job well planned is a job half-finished” is true. With very 
good organization the Contractor shortened time necessary for execution of works from 12 to 8 
months, which is a great success. Also, this project is a lesson to the Client that works that are going to 
be executed together with the scope should be carefully selected before tendering process. Before 
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starting with the investment, it is very important to realistically consider all the problems that exist at 
the section that is going to be reconstructed.  

Also, this project is yet another proof that the problem does not exist, if all participants in building 
process: Contractor, Engineer, Client and End Recipient, want to solve the problem and have the same 
goal which is a successful completion of the project for. Of course, occurrence of problems is normal, 
but problems should be solved, not increased or created.   
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